There is continuing need to identify traits that can facilitate selection of productive progenies. For this, 18 genotypes of okra [Abelmoschus esculentus (L.) Moench] were evaluated for the extent of genetic variability, heritability, correlation and path analysis among various morphological, reproductive and nutritional characters related to fruit yield over two growing seasons in the Gangetic plains of eastern India. Phenotypic co-efficient of variation (PCV) agreed closely with the genotypic co-efficient of variation (GCV) but the magnitude of PCV was higher than GCV for almost all the characters studied during both seasons which reflect the influence of environment on the expression of traits. High PCV and GCV values were shown by fruit yield per plant, numbers of fruit per plant and plant height at flowering during both seasons. The remaining traits recorded moderate to low PCV and GCV estimates, indicating that selection for these characters will be less effective. All characters studied exhibited moderate to high heritability. However, pooled genetic advance (GA) expressed as percentage of mean was high for fruit yield per plant, numbers of fruit per plant, plant height at flowering and fruit weight. Characters showing moderate to high genetic gain also showed high heritability, indicating that most genetic variations in these characters were due to additive gene effects. From the correlation and path coefficient analyses, it revealed that the top priority should be given to selection based on numbers of fruit per plant and fruit weight for yield improvement and could be considered while formulating selection indices in the improvement of okra.
INTRODUCTION
Okra (Abelmoschus esculentus L. Moench) is an important vegetable of tropical and sub-tropical part of the world, mainly grown for its tender fruits, which are cooked and consumed as vegetable (Chattopadhyay et al., 2011) . The cultivated okra is popular due to its nutritive and medicinal values and is said to be useful against fever, catarrhal attacks, genito-urinary disorders, *Corresponding author. E-mail: das.sibsankar123@gmail.com. spermatorrhoea, gonorrhea, l eucorrhoea and chronic dysentery (Nadkarni, 1927) . India ranks first in okra production which contributes 67% of the total world production (Anonymous, 2010) . However, the productivity (10.6 ton/ha) is much less than the potential productivity. Several reasons for low productivity include use of local unimproved cultivars, less adoption of existing commercial varieties/hybrids, and heavy incidence of biotic stresses particularly yellow vein mosaic disease. Therefore, much concentrated efforts are necessary to improve its yield and yield components. Hence, evaluation of the potentialities of the existing cultivars is essential because it depicts the genetic diversity of the base materials on which depends the promise for further improvement. The success of a breeding programme for the improvement of quantitative attributes depends to a great extent on the magnitude of genetic variability existing in the germplasm. Burton (1952) suggested that genetic variability along with heritability should be considered for assessing the maximum and accurate effect of selection. Studies on the variability using genetic parameters like genotypic coefficient of variation (GCV), heritability and genetic advance is essential for initiating an efficient breeding programme. High yield can be achieved by selection of those characters that have high heritability values coupled with high genetic advance. Selection is an indispensable component of the variety development process. Breeders search for dependable parameters that are less affected by the environment. Again, selection of the trait invariably affects a number of associated traits, which evokes the necessity in finding out the interrelationship of various yield components both among themselves and with yield. Therefore, knowledge of correlation and causation among yield and yield components is of paramount importance in okra breeding programme. Okra is primarily cultivated in spring-summer and rainy seasons in India. Information on the extent of genetic variability, heritability and character associationship over two growing seasons in okra is lacking under the Gangetic plains of eastern India. Under this context, the objective of the present work was to determine genetic variability components for important growth, fruit and nutritional characters influencing yield as well as interrelationship among the characters and their direct and indirect effects on fruit yield of okra in order to find out important selection indices of okra.
MATERIALS AND METHODS

Field growing and data recording
The present investigation was undertaken during spring-summer and rainy seasons during year 2009 for studying the characters evaluation of 18 okra genotypes following Randomized Block Design with three replications at research plot of AICRP on Vegetable Crops, District Seed Farm of Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal which is situated at 23.5°N latitude and 89°E longitude with a mean sea level of 9.75 m. Seed of genotypes, after treatment with Thiram (3 g kg -1 of seed), were sown during the 1st week of February during spring-summer and 1st of July during rainy season at 2.5 cm deep furrows with 45 cm spacing between rows and 30 cm between plants in plots that were 2.25 × 2.4 m in well prepared land having sandy loam soil (pH 6.5). Fertilizer at the rate of 60 kg N from urea, 60 kg P from single super phosphate and 60 kg K from muriate of potash ha -1 was applied as basal to the soil. Top dressing of nitrogen at 60 kg ha -1 was applied in two equal split doses at 30 and 55 days after transplanting. Management practices for cultivation were followed as per Chattopadhyay et al. (2007) .
Ten randomly selected plants from each replication were taken to record 15 quantitative traits namely: plant height at flowering (cm), Das et al. 16133 numbers of lateral branch per plant, numbers of node on the main stem, numbers of leaf per plant, days to first flowering, node at first flowering, numbers of ridge per fruit, fruit length (cm), fruit diameter (cm), fruit weight (g), numbers of fruit per plant, numbers of seed per fruit, ascorbic acid content of fruit (mg/100 g), crude protein content of fruit 9%) and fruit yield per plant (g). Fruit characters of each genotype were taken after six days of anthesis by tagging the flowers. Ascorbic acid (Ranganna, 1986) and crude protein contents (Nitrogen content by Micro-Kjeldahl Method × 6.25) of tender fruits were estimated as per standard methods.
Statistical analysis
Data were subjected to analysis of variance (Panse and Sukhatme, 1984) . The genotype co-efficient of variation (GCV) and phenotype co-efficient of variation (PCV) were calculated by following the formula given by Burton (1952) . For the estimates of heritability and genetic advance, the method of Hanson et al. (1956) was followed. Later, correlation coefficients at genotypic and phenotypic levels were calculated (Johnson et al., 1955) . Path coefficient was done as per Dewey and Lu (1959) .
RESULTS AND DISCUSSION
Analysis of genetic variability and heritability
The present study was initiated to examine the nature of variability in different characters of okra genotypes. Analysis of variance of 15 traits revealed that mean squares due to genotypes were highly significant except numbers of lateral branch per plant, node at first flowering, and numbers of ridge per fruit, fruit diameter and crude protein content of fruit (Table 1 ). The coefficient of variation (CV) were below 10% for all the characters studied confirming the reliability of the experiment and also suggesting less G × E interactions. Phenotypic co-efficient of variation (PCV) agreed closely with the genotypic co-efficient of variation (GCV) but the magnitude of PCV was higher than GCV for almost all the characters during both seasons (Table 2) which was well supported by Yadav et al. (2002) . High PCV and GCV values were shown by fruit yield per plant followed by numbers of fruit per plant and plant height at flowering during both seasons. These observations find support from the previous workers (Mehta et al., 2006; Magar and Madrap, 2009; Akotkar et al., 2010; Guddadamath et al., 2011) . On the other hand, low PCV and GCV values were shown by days to first flowering, node at first flowering and numbers of ridge per fruit. The result corroborates the earlier findings of Jaiprakashnarayan et al. (2006) . Pooled broad sense heritability values were higher (more than 90 %) for all the characters except node at first flowering (80%), number of nodes on main stem (83%), numbers of leaf per plant and fruit diameter (84%) which corroborates the findings of earlier workers (Reddy et al., 1985; Sarkar et al., 2005; Mehta et al., 2006; Magar and Madrap, 2009; Pal et al., 2010) . These broad sense heritability values No.= number; S = spring-summer season; R = rainy season; * significant at 5 % level; ** significant at 1 % level; Figures.
were likely to be over estimated as in this calculation it was not possible to exclude variation due to different genetic components and their interactions. The heritability estimates were, therefore, to be considered with these limitations in view. However, pooled genetic advance (GA) expressed as percentage of mean was high for the characters like fruit yield per plant, numbers of fruit per plant, plant height at flowering and fruit weight. According to Johnson et al. (1955) and Ghandi et al. (1964) , high heritability estimates along with high genotypic coefficient of variation and genetic advance is usually more useful in predicting the response of an individual to selection than heritability values alone. Percy and Turcotte (1991) argued that when heritability is mainly due to non-additive genetic effects (dominance and epistasis), genetic advance will be low, while in cases where heritability is chiefly due to additive gene effects, a high genetic advance may be expected. In the present study, high heritability coupled with high genetic advance was observed for green fruit yield per plant, numbers of fruit per plant, plant height at flowering and fruit weight indicating good response to selection for these characters. High heritability and high genetic advance for the above mentioned characters revealed that such characters are controlled additive gene action (Panse, 1957) and selection based on these characters will be effective. These results find support with the observations of earlier workers (Jayapandi and Balakrishnan, 1992; Sarkar et al., 2005; Mehta et al., 2006; Magar and Madrap, 2009; Pal et al., 2010; Guddadamath et al., 2011) .
The low heritability is being exhibited due to high environmental effects. High heritability accompanied with low genetic advance for the characters like numbers of ridge per fruit, node at first flowering, numbers of node on main stem, days to first flowering, fruit diameter and numbers of leaf per plant suggesting that these characters were influenced due to favourable influence of environment rather than genotypes.
Correlation co-efficient
In any improvement program, selection is effective Table 2 . Genetic variability parameters in different characters in spring-summer and rainy seasons of 18 okra genotypes. S = Spring-summer season; R = rainy season; P = pooled; PCV= phenotypic coefficient of variation; GCV= genotypic coefficient of variation; GA= genetic advance; b.s = broad sense.
only if adequate genetic variability is present. However, simultaneous selection for several characters needs to be correlated to explain the interrelationships between characters and helps in effective identification of potential genotypes. It is beneficial to know the interrelationships between various economically important characters. Association analysis of different morphological, reproductive and nutritional characters with fruit yield of okra genotypes and their interrelationships were investigated through the study of both phenotypic and genotypic correlation coefficients during spring-summer and rainy seasons. In the present study, 15 characters were recorded and their genotypic and phenotypic correlation co-efficient were analysed during both the seasons (Tables 3 and 4 ). Phenotypic and genotypic correlation co-efficients, in general, agreed very closely. However, the genotypic correlations were higher than phenotypic correlations in most of the cases. These could occur when the genes governing Two traits were similar and environmental factors played a small part in the expression of these traits.
Out of 15 characters studied during spring season, 10 characters namely: plant height at flowering, numbers of node on main stem, numbers of leaf per plant, fruit length, fruit diameter, fruit weight, numbers of fruit per plant, Besides, the character like numbers of lateral branch per plant showed positive but non significant correlation with fruit yield per plant. However, days to first flowering and node at first flowering exhibited significantly negative correlation with fruit yield per plant. This indicates that early in first flowering, and lower number of flowering node helped in improving fruit yield of okra. The interrelationships among the characters showed that 42 correlation co-efficient were significantly positive. They also showed high genotypic correlations as well. The correlation analysis during spring season indicate that the characters namely: plant height at flowering, numbers of node on main stem, numbers of leaf per plant, fruit length, fruit diameter, fruit weight, numbers of fruit per plant, numbers of seed per fruit, ascorbic acid content and crude protein content not only exhibited highly positive correlation co-efficient with green fruit yield per plant but they were also positively and significantly inter-related to each other. Hence, the selection on the basis of any of the significantly positive inter-related characters was expected to give a desired correlated response in other characters.
However, during rainy season, eight characters namely: numbers of node on main stem, fruit length, fruit diameter, fruit weight, numbers of fruit per plant, numbers of seed per fruit, ascorbic acid content and crude protein content exhibited significantly positive correlation coefficient with green fruit yield per plant. Besides, the characters like plant height at flowering, numbers of lateral branch per plant and numbers of leaf per plant showed positive but non significant correlation with green fruit yield per plant. However, days to first flowering and node at first flowering exhibited significantly negative correlation with green fruit yield per plant during rainy season. This was a desirable situation as early flowering would help to minimize the crop duration and ultimately okra could be adjusted profitably in different crop rotations. The inter-relationships among the characters showed that 42 correlation co-efficients were significantly positive. They also showed high genotypic correlations as well.
The correlation analysis during rainy season indicates that numbers of node on main stem, fruit length, fruit diameter, fruit weight, numbers of fruit per plant, numbers of seed per fruit, ascorbic acid content and crude protein content not only exhibited highly positive correlation coefficient with green fruit yield per plant but they were also positively and significantly inter-related to each other. Hence, the selection on the basis of any of the significantly positive inter-related characters was expected to give a desired correlated response in other characters.
While considering correlation analyses during both seasons, it was observed that the characters with significantly positive correlation with green fruit yield per plant were numbers of node on main stem, fruit length, fruit diameter, fruit weight, numbers of fruit per plant, numbers of seed per fruit, ascorbic acid content and crude protein content exhibited significantly positive correlation co-efficients with green fruit yield per plant. Such positive and significant associationships with green fruit yield per plant had already been observed by previous workers (Gondane et al., 1995; Chandra Deo et al., 1996 , Sood et al., 1995 Dhankar and Dhankar, 2002; Sarkar et al., 2005; Mehta et al., 2006; Mohapatra et al., 2007; Magar and Madrap., 2009; Rashwan, 2011) . Negatively significant associationships between days to first flowering and node at first flowering with green fruit yield per plant was also observed by Padda et al. (1970) , Sarkar et al. (2005) , Jaiprakashnarayan et al.( 2006) and Rashwan (2011) .
Path co-efficient analysis
The complexity of character relationships among themselves and with fruit yield became evident from the discussion alone but did not provide a comprehensive picture of relative importance of direct and indirect influences of each of the characters to the fruit yield, as these traits were the resultant product of combined effects of various factors complementing or counteracting. The path co-efficient analyses developed by Wright (1921) provides an effective means of untangling direct and indirect causes of association and permits a critical examination of the specific forces acting to produce a given co-relation. In the present study, the phenoltypic correlations were partitioned into direct and indirect effects to identify relative importance of yield component towards fruit yield of okra during both the seasons.
Green fruit in okra is important as this is utilized as vegetable throughout the world. Hence, the direct effect and positive association with fruit yield per plant was considered essential. Among the 14 yield component traits, numbers of fruit per plant and fruit weight showed highly positive direct effects on fruit yield per plant during spring season (Table 5 ). This was the main cause of their positive association with fruit yield per plant. The direct selection for these characters could be beneficial for yield improvement of okra since these characters also showed positive correlation with fruit yield per plant. The direct effects of other characters were negligible. One character namely, fruit diameter had significant positive correlation with fruit yield per plant but their direct effect was negligible because of high positive indirect effect via numbers of fruit per plant and fruit weight. Thus, selection based on this character will not be beneficial. Residual effect was very low (0.027) suggesting inclusion of maximum fruit yield influencing characters of okra in the present analysis. Residual effect =0.048; direct effects = bold diagonal; * significant at 5 % level; ** significant at 1% level.
During rainy season, same two characters namely, numbers of fruit per plant and fruit weight also showed highly positive direct effects on fruit yield per plant (Table 6 ). Negligible direct effects of other characters were found. Three character namely, numbers of node on main stem, ascorbic acid and crude protein content had significant positive correlation with fruit yield but their direct effects were negligible because of high positive indirect effects via numbers of fruit per plant and fruit weight. The maximum fruit yield influencing characters of okra were taken into consideration in the present analysis as the residual effect was very low (0.030) . The results are in conformity with the observations of early workers (Vijoy and Monohar, 1990; Mishra et al., 1996; Mandal and Dana, 1994; Gondane et al., 1995; Dash and Mishra, 1995; Chandra Deo et al., 1996; Singh et al., 2007; Magar and Madrap., 2009 ) who observed positive and significant correlation and direct effects for numbers of fruit per plant and fruit weight with fruit yield per plant.
Thus, okra fruit yield is a cumulative consequence of fruit number and fruit weight. These two traits deserve considerable attention by okra breeders and need to be collectively enhanced to develop an ideotype.
